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High tunnels, a special type of greenhouse, have operational goals of season
extension, crop quality improvement and new crop production opportunities to
reach unigue markets. From an engineering viewpoint, high tunnels have many
of the same design concerns as the larger more complex greenhouse, and they
capitalize on the greenhouse effect as all enclosed plant growth structures.
However, fewer and less automated environmental control systems are
required for adequate crop production. Tunnel designs are less complex and
less expensive than the large greenhouse ranges but they should be designed
and constructed with fundamental assurance of structural stability, safety,
efficient layout, appropriate environmental control, and effective crop
management in mind.



Introduction

Tunnels are good use of Greenhouse Effect with
specific goals.

Respect their capabilities, realistic expectations
They have an important place in USA food
production industry.

Benefits of quality product, improved timing, greater
yields, better market for the grower to make profit

Locally grown, less pesticides, reduced transport,
specialty products

Labor intensive

Do not compare to High Tech Greenhouse



High Tunnels environment control

High Tunnels are not simply field production with a
cover!
...even though grown in the soil

High Tunnel environmental control is

better than open field,

better than field with Plasticulture techniques

not better than environmentally controlled
greenhouse because there is limited control of aerial
and root zone of the plants

Aerial protection -- rain shelter, wind break, insect
exclusion(?), limited temperature control

Rhyzosphere control - moisture/nutrients by
fertigation, passive soil temperature enhancement
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What is CEA and Protected Agriculture?

Controlled Environment Agriculture (CEA) also
known as Protected Agriculture is defined as an
integrated science and engineering-based approach
to establish the most favorable environmental
conditions for plant productivity while optimizing
resources including water, energy, space, capital
and labor, and thereby to provide the desired

plant pr'oduc'r or biological processes under
controlled conditions
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Why CEA?
(Why Tunnels?) *
&% Production Quali'ry/Cons’s'rency*
~ Water use efficiency
- Nutrient capture & recycling
Energy efficiency
IPM for Biological Con‘rr'ol*
Transportable System
Urban/Suburban Green Space
Functional on poor lands
Complements field pr'oduc'rion*
Captures Imagination of Young People
Supports Local Markets
Transportation Energy Reduced *
Community Supported Agriculture
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Strength of Current CEA Food Production Industry

Greenhouse production of tomatoes is the leading crop in
high market value and the fastest growing demand in North
America.

Tomato greenhouse production can gross $600,000 per acre
(compared to $4300 for field vegetable crops), representing
nearly $900 million per year to the USA fresh market
produce industry.

Since 1998, the U.S.A. greenhouse tomato production area
has been increased approximately 28% (257 to 330 ha)
providing 160,000 metric tons in 2003.

Arizona has the largest greenhouse vegetable production
area (130 ha, 330 A) in USA.




Glass covered structures use natural ventilation a nd fan-&-pad evaporative
cooling, and heating and CO2 enrichment with-natura--. l.gas for environmental-= -
control. (16 hectare; 40 acre)

EuroFresh Farms,
Willcox, AZ
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. Define High Tunnel Physical Co-mp'onen‘rs'“
EE\\ i P /
~ Structure with glazing,
without heating system or electric power,
with passive ventilation for air exchange,

—
f -

soil fertigation system,
input/output location, and
(row crops)

Seasonal use
Modular
Temporary
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Structure

Roof shape considerc

Slope and
'rr'm_:usmi




Structure

Photo source ttp://plasticulture.cas.psu.edu




Structure

Resistance to ‘uplift’ provided by soil |

25 - 50 mm diameter pipe (1 - 2 inch)
0.4 - 0.6 m deep (18 - 24 inches)
| Attach pipe frame to soil pip

Photo source ttp://plasticulture.cas.psu.edu/
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Without Solar Energy
there is nothing

- Why do these appear jifferentl than these?

T _5;___“.5::.‘.._ 1 TP

Reflection due to angle o the sun relative to GH
and angle of GH relati e to the camera [or your eye]

More reflection means Igss sunlight entering GH

Almeria, Pennsylvania 1999
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Without Solar Energy
there is nothing

Wisely choose location
Orient the structure
E to W for Oct — May for most ‘winter’ season ligh t
N to S for year round @roduction; most yearlylig . ht
Solar angle more critical an type of glazing . ~for sunlight

L

Almeria, Pennsylvania 1999
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East-West Oriented Ridge

large south-facing wall and roof area

good for low sun angle winter sunlight

provides most total daily light during the winter season
however,

distribution not uniform within greenhouse

causes variable plant growth especially

for tall crops, if rows aligned with east-west ridge
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~ PE (polyethylene) film; others?
- Single layer

__Single bay: narrow span; without gutters
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" Factors 'A'ffsecﬁ Film Useful Li

Ultr'a—wolef (UV) radiation
Temperm‘ure extremes and their duration
| Film contact on metal greenhouse structure
'-~ Air pollutants
Chemlcals for pest com‘r'ol
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.| Manual control provides

"I poor air temperature control

Automation increases cost &
need for electric power
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Environmental Control
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Ener'gy Curtain
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Environmental Control
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Environmental Control
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Cheap labor, that you can Trut, by
is hard to find these days!

B L1
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Acknowledge Plasticulture Center at Penn State
for their passion and persistence in getting
message out about the next generation

modern high tunnels for use in 21st Ci
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Fertilizer e |
Injector lt | |_L |
o

Inlet Water dl i = Outlet
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Chemical Solution
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Labor and Mechanization =
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' Good Luck!
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'.:..'"'Lots of hand labor

Harvest aids - frays, carts, efc
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